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Abstract. Coleoptera diversity at the family level was investigated along the Kihansi gorge near a 700 m
high waterfall system which will be taken to hydropower use, and the current river flow will be diverted
due to dam construction. The coleopteran communities of three micro-habitats: spray zone, forest site and
riverine site were compared by sweepnetting and pitfall trap methods. The highest Coleopteran family
level diversity was found in the spray zone where the Shannon–Weaver index of diversity was 0.71 (forest
site 0.31; riverine site 0.50). Coleopterans were most abundant in the forest site where 44% of all sampled
individuals were found (spray zone 31%; riverine site 23%). Most of less frequently recorded families
were found in the spray zone. Coleoptera families were found to be unequally partitioned in all three
micro-habitats. The highest percentage similarity index (85%) was found between forest and riverine sites
(spray/forest 76%; spray/riverine 79%). Distributions of abundances of coleopteran families were signifi-
cantly different between all studied habitats. The study revealed that the spray generated by the waterfall
provide a special micro-habitat for Coleoptera. It is suggested that conservation efforts and monitoring in
the study area using selected taxonomic indicator Coleopteran groups should be carried out in order to help
to adjust mitigation measures.
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Introduction
The estimate of the number of existing animal species increased recently tremen-
dously based on extrapolations from data on arboreal beetles collected by insecticidal
fogging from the canopy of Amazonian and Central American forests (Erwin 1982;
Primack 1993; Gullan and Cranston 1994; Almasoils 1997; Lovejoy 1997; Perfecto
et al. 1997). However, even the new figure may not be exhaustive, because most of
undescribed species occur in the tropics, where the habitats are more diverse with
high species richness (e.g. Nummelin and Fürsch 1992; Hawkes 1995; Fjeldså and
Lovett 1996; Alamasoils 1997; Erwin 1997; Lovejoy 1997). New species are been de-
scribed almost routinely from tropical rainforests. In tropical rain forests arthropods
are studied much less than in boreal forests due to taxonomic and resource impedi-
ments (Samways 1994; Hawkes 1995; Zilihona and Ntumi 1998). Furthermore, in the
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tropics the main focus of insect studies has been on forest plantations and pest insect
(see e.g. Madoffe and Bakke 1995, and references therein).
The increased attention on biodiversity has triggered an explosion of studies how
to maximise biodiversity conservation in relation to resources and areas available
(e.g. Fjeldså and Lovett 1996). Biodiversity is also infiltrating administrative lan-
guage, particularly after the UN global Conference on the Environment and Devel-
opment held in 1992 (UNEP 1992; Haila and Kouki 1994). The conference declared
preservation of biodiversity as one of the major elements of the sustainable devel-
opment. This situation has paved a way towards insect surveys in tropical countries.
Nowadays development plans need environmental impact assessment (EIA) as a pre-
requisite. In this context insects are not viewed as a by-product of plant and vertebrate
conservation efforts, but as a goal itself (Zilihona 1999). This is because insects are
suitable subjects for assessing the impact of disturbance on ecosystem composition
and dynamics (Samways 1994; Nummelin 1996; Picker and Samways 1996; McGo-
wan et al. 1998). Furthermore, insects may serve as ‘test organisms’ for comparing
disturbed and undisturbed habitats, because of the functional relationships among
species and the high abundance in many taxa (Samways 1994; New 1997; Ranius
and Nilsson 1997; Warren et al. 1997).
Waterfall spray zones may well be another high insect diversity habitat like recent-
ly ‘discovered’ canopy communities, being poorly studied so far. The Lower Kihansi
Hydropower Project is constructing a dam in the Kihansi River, a tributary of the
Kilombero and Rufiji rivers in the Udzungwa Mountains. These mountains belong
to a global biodiversity hot spot (Myers et al., in press). The project will divert the
current river flow into a tunnel. The existing river flow provides special micro-climate
along the gorge which is maintained by constant water spray from the 700 m high
waterfall system and evapotranspiration by thick vegetation (Lovett et al. 1997). A
unique invertebrate fauna is sustained by this extraordinary gorge (Njau et al. 1994;
Hawkes 1995; TANESCO 1995; Zilihona 1999; Zilihona et al. 2000a).
Environmental impact assessment was carried out to predict the impacts which
may result from the Kihansi Hydropower Project. However, the EIA was done when
the project was already in an advanced stage (TANESCO 1995). Because of limited
time, the spray zone was not included to the EIA (Njau et al. 1994). However, spe-
cial habitats of high biodiversity need high conservation priority, and conservation
measures for sensitive areas like spray zones are limited. Thus Tanzania Forestry
Research Institute initiated a research programme on insect biodiversity in the Ud-
zungwa Mountains, with the objective of elucidating arthropod biodiversity along
the Kihansi gorge with special concern in the spray zone (see also Zilihona 1999;
Zilihona et al. 2000a).
The vegetation of this extraordinary gorge is studied in detail (Lovett et al. 1997).
This paper compares Coleopteran communities in three habitats near the waterfall:
spray zone, forest site and riverine site. In particular the study assesses the signif-
icance of waterfall spray zones in a global biodiversity hot spot. Coleoptera were
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chosen because they are diverse insect group, fairly easy to identify on family level
and play an important role in ecosystem functioning in tropical forests (e.g. Hanski
and Cambefort 1991). They are also known to be sensitive to alterations in habitat
structure (Van Rensburg et al. 1999). Results of this study have implications to the
conservation management of the area.
Materials and methods
Description of the study area
The Udzungwa Mountains are a part of a chain of old forested basement mountains
running from Taita Hills in Kenya to Mount Mulanje in Malawi. It is the largest
block of the Eastern Arc Mountains, covering about 10,000 km2 (Rodgers and Home-
wood 1982). Udzungwa Mountain’s highest point, Luhombero Peak, raises to 2800 m
(Scharff 1990). Udzungwa Mountain are the southernmost mountains of the Tanzani-
an part of the Tanganyika-Nyasa montane forest group.
The rainfall varies according to topography and distance from the Indian Ocean.
The eastern slopes, facing the Indian Ocean, have annual rainfall of more than
2000 mm, whereas the western slopes are in rain shadow, receiving about 600 mm
precipitation per year. The eastern scarp of the Udzungwa Mountains is one of the
few areas left in the Afrotropical region where one can find a continuous moist forest
cover from lowland (300 m) to highlands (2500 m). The Kihansi river is located in
the southern part of the scarp. Its catchment covers about 607 km2 (Minja 1995).
The Kihansi gorge runs north-south for about 2 km and lies below an impressive,
fierce, 700 m high system of waterfalls which generate a substantial amount of spray.
Additional information about the study area, is given by Lovett et al. (1997), Zilihona
(1999) and Zilihona et al. (2000a).
Methods
The study area was divided into three sampling sites with different micro-climate:
(i) spray zone, this is the area which is influenced by the constant sprays generated
by the waterfall along the Kihansi gorge, (ii) forest site, is the site which represent
“normal” moist forest along the gorge which is not directly affected by the spray and
is about 80 m apart from the river below the spray zone, and (iii) riverine site, moist
forest along the river bank about 2 km down from the spray zone.
Data were collected from June to September 1997 using sweepnet and pitfall trap
methods. Sweepnetting (five samples per habitat) was used to collect insects from
aboveground vegetation and foliage. Sweepnet was a standard 38-cm diameter mus-
lin insect net with a 61-cm handle (see Janzen 1973). Sweeps were made only in
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places where the net could hit forest floor vegetation. Thus, open gaps in forest floor
vegetation were avoided. Depending on the height of the vegetation, the minimum
sweeping height varied from 20 to 80 cm. The net was brushed back and forth through
the vegetation so that the dislodged insects fall into the net. Sweeping was done in all
sites on the same day 9 a.m. No sweeping was done during rainy or showery days. One
sample comprised 800 sweeps (Nummelin 1996). Sweeping was done for continuous
bursts of 50 sweeps, then insecticide were sprayed into the net to kill the insects
before pouring them into the collecting plastic bag. The exercise was repeated until
the 800 sweeps were scored. In the camp sorting of insects from the swept vegetative
materials was done and all insects were put into 70% alcohol.
A total of 14 simple 0.3 l aluminium tins per site were used as pitfall traps (Zil-
ihona 1999; Zilihona et al. 2000a). The tins were dug into the soil with the opening
at the soil surface. Half of each container was filled with water. Human dung baits,
being tightened in a small piece of cloth, were placed just above the pitfall mouth.
Two samples were collected in each study site every two weeks (total six samples per
habitat). After emptying the traps, specimens were preserved in 70% alcohol.
Coleopteran family level diversity was estimated using Shannon–Weaver index
(H′) (Wolda 1983). Kolmogorov–Smirnovtwo sample test (Steel et al. 1997) was used
to compare the pattern of Coleoptera family-level distribution between different mi-
cro-habitats (Statgraphics 2.1 software, STSC 1986). The effect of habitat type to spe-
cies evenness, i.e. the extent to which Coleoptera in each site were equally partitioned
among families, was compared with Evenness index E, which was to be calculated as
follows: E = eH/S, where H is the Shannon–Weaver index of diversity, e is natural
logarithm and S is the number of families in the micro-habitat (Magurran 1988). E
ranges from 0 to 1, approaching 1 when individuals are partitioned equally among
species (Fleishman et al. 1999). To estimate similarity of Coleoptera in the three micro-
habitats percentage similarity index (Renkonen index, see Wolda 1981) was used.
Results
A total of 6739 beetles belonging to 33 families were sampled during the study pe-
riod. The forest site harboured highest abundance of beetles, where 44% of all sam-
pled beetles were collected (spray zone 31% and riverine site 23%). The number of
coleopteran families found in the spray zone was 30. The number of families in the
riverine and forest sites are close to each other being 20 and 19 families respectively.
Scarabaeidae, Curculionidae, Carabidae and Coccinellidae were the most abundant
groups in the spray zone. In the forest site Scarabaeidae, Curculionidae and Passalidae
were the most common families. In the riverine site Scarabaeidae, Chrysomelidae
and Curculionidae were most common families (Table 1). More than 80% of less
frequently recorded families (i.e. Coleoptera families which had abundance of less
than 1% of all sampled Coleoptera) were harboured in the spray zone.
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Table 1. Relative abundance of Coleoptera families recorded in three
micro-habitats, at Kihansi waterfall, Tanzania.
Micro-habitats
Taxon Spray Forest Riverine
Scarabaeidae 0.654 0.872 0.762
Trogidae 0.033 0.019 0.005
Staphylinidae 0.005 0.007 0.019
Platypodidae – 0.011 –
Geotrupidae 0.019 0.001 –
Rhipiphoridae 0.001 0.001 –
Cerambycidae 0.002 0.001 0.005
Carabidae 0.075 0.011 0.01
Chrysomelidae 0.009 0.016 0.051
Apionidae 0.006 0.003 0.005
Curculionidae 0.043 0.027 0.049
Attlabidae 0016 0.003 0.005
Coccinellidae 0.049 0.009 0.021
Bostrychidae 0.001 0.001 0.019
Lycidae 0.009 0.001 –
Languridae 0.004 0.003 –
Mycetophagidae 0.005 0.001 –
Anthribidae 0.023 – 0.001
Hydrophilidae 0.003 – 0.005
Nitidulidae 0.001 – –
Elateridae 0.007 – 0.011
Passalidae 0.009 0.027 0.008
Cicindelidae 0.006 – 0.008
Rhipiceridae 0.001 – 0.001
Rhysodidae 0.001 – 0.001
Tenebrionidae 0.011 0.003 –
Bruchidae 0.007 – –
Mordelidae 0.005 – –
Meloidae 0.015 – –
Anobiidae 0.011 – 0.007
Anthicidae – – 0.005
Scolytidae – 0.001 –
Cleridae 0.005 – –
Total number of individuals 2089 2965 1685
H′ 0.71 0.50 0.31
E 0.01 0.15 0.14
Shannon–Weaver index of family-level diversity in the spray zone was highest of
all habitats studied (Table 1). Riverine site followed and the forest site was the least.
Coleopteran families are not equally partitioned in all micro-habitats. The evenness
index in forest and riverine site were close to each other and in the spray zone far
lower (Table 1).
High percentage similarity (Renkonen) index was observed between forest and
riverine sites (85%) (43% Scarabaeidae excluded). Similarity index between spray/
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riverine was 79% (39% Scarabaeidae excluded) and spray/forest 76% (48% Scara-
baeidae excluded). Nitulidae, Bruchidae, Mordelidae, Meloidae, and Cleridae oc-
curred only in the spray zone, Platypodidae and Scolytidae in forest habitat, and
Anthicidae was only found in riverine habitat. Thus, we consider that the between-
site diversity (β diversity) in Kihansi gorge is high. The Kolmogorov–Smirnov two
sample test indicated that the distributions of Coleopteran families are significantly
different between each habitat (Table 2).
Discussion
Overall diversity of Coleopteran families was significantly higher in the spray zone
(Table 1). It is evident that the spray creates special micro-habitat to the gorge con-
firming the previous results based on arthropod groups (Zilihona 1999; Zilihona et al.
2000a). Furthermore, in the spray zone exists high number of families with low abun-
dance which do not occur in the other habitats studied (Table 1), thus indicating spe-
cial environmental conditions for Coleopterans. It also is expected that the special
characters of spray zone will be reflected also on species level, and Kihansi spray zone
probably harbours several unknown species. However, due to shortage of taxonomical
expertise of Tanzanian Coleopterans in Tanzania and in whole world, this work still
waits for its completion and is expected to take several years.
Although, the area of the spray zone is relatively small, its importance is already
noted in plant and arthropod studies (TANESCO 1995; Lovett et al. 1997; Zilihona
1999; Zilihona et al. 2000a). The spray zone has special stable physico-chemical
conditions (see e.g. Janzen 1976) and it could have particular resources containing
keystone species that occur only in the spray zone and are crucial to many species in
the Kihansi gorge. For instance Miller et al. (1995) reported the importance of the rip-
arian zones at the lower elevation in Western North America. Despite of having only
less than 1% of the total land area, up to 80% of terrestrial vertebrates species were
dependent upon them for at least part of their life cycles. After the alteration of the
riparian zone most of the dependent species went extinct. Similarly, the forthcoming
Table 2. Kolmogorov–Smirnov two sample test of Coleopteran families
in three micro-habitats, at Kihansi waterfall, Tanzania.
Scarabaeidae excluded
Micro-habitat DN P DN P n
Spray zone/forest site 0.455 0.002 0.438 0.004 32
Spray zone/riverine site 0.424 0.005 0.438 0.004 31
Riverine site/forest site 0.758 <0.001 0.750 <0.001 29
DN = maximum deviation; P = probability; n = number of compared
distribution classes.
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diversion of the Kihansi River flow may cause disappearance of the spray zone and
affect the crucial resources resulting in loss of species along the gorge.
It should also be kept in mind that the Kihansi gorge is in a global biodiversity
hotspot area where endemism is known to be high and arthropods are very poor-
ly studied. This may mean the extinction of many arthropod species before their
description in the scientific forum. It is already known that in Kihansi spray zone
occurs one toad species which is not known from anywhere else (Poynton et al. 1998).
In general, the ecology of spray zone species is so far poorly studied. Furthermore,
due to previous disturbances through extensive logging, cultivation and other related
human activities in the Udzungwa Forest Reserve (Zilihona et al. 2000b), the cur-
rent interference could lead to unexpected losses of insect species and other fauna.
According to Tilman et al. (1994) a slight increase in habitat destruction threatens
far more species, if a habitat has already been under pressure of disturbance. Tilman
et al. (1994) observed that destroying an additional 1% of the habitat caused eight
times more extinctions than similar sized destruction in undisturbed habitats.
It is evident that impacts which will result from the Kihansi Hydropower Project
operation will not threaten all groups of species equally, species with small popu-
lation sizes will suffer most. Also specialist species and species whose populations
vary greatly as well as species with slow rates of population growth are likely to be
severely affected. However, even those species recorded in higher abundances have
no guarantee to survive this menace. Water regime alteration could result to cascade
effects where the loss of a species may have various effects on the remaining species.
According to this study the Coleopteran communities in the three studied habitats
along the gorge are significantly different. Thus, none of the habitat can be regarded
as an alternative or a substitute to the other. Similar results were obtained by Niemelä
and Baur (1998) for arthropods in Swiss grasslands. In any conservation effort one
should bear in mind that each undertaken conservation measure should consider the
maintenance of all different micro-habitats in the river gorge in order to maintain its
current biodiversity.
In order to rescue the biodiversity along the Kihansi gorge, the management of
the Lower Kihansi Hydropower Project should at least be adhered to the following
mitigation measures (i) diverting the flow of another river (Mhalala) to the gorge
as recommended in previous studies (TANESCO 1995; Lovett et al. 1997; Zilihona
1999; Zilihona et al. 2000a); (ii) creating an ‘artificial spray zone’ by piping some of
the water into a sprinkler system to keep the zone constantly wet, and (iii) minimising
the access and logging in the moist forest along the gorge. We also recommend fur-
ther surveys in the Kihansi gorge and Udzungwa in general with the use of selected
taxonomic indicator coleopteran groups for assessing uniqueness of Kihansi forest
sites as well as further studies on the biology of spray zone species (see also Howard
et al. 1998). This can help to conserve and monitor rare and endangered populations
and species facing of landscape fragmentation and climatic changes in this global
biodiversity hotspot.
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